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Purpose and scope 
Micro-masonry is a microassembly method combining transfer printing and annealing to 
fabricate micro-scale silicon structures. Transfer printing is the transfer of solid objects, i.e. inks, 
from a substrate where they are created to another substrate via polymeric stamps [1]. Professor 
Seok Kim and graduate student Hohyun Keum have used polydimethylsiloxane (PDMS) stamps, 
and graduate student Jeffery Eisenhaure investigates shape memory polymer stamps [2,3]. After 
transfer printing ink placement, microstructure layers are bonded, typically by annealing at 
1000 ºC. This study focuses on the design and fabrication of a particular microstructure, to 
showcase techniques and provide a knowledge base for future cleanroom laboratory work. 
Results and discussion 
A “micro-house” was initially modeled in Creo Parametric software, and successive iterations 
were developed in accordance with available materials and methods, Figures 1–4. Ink design was 
based on available 10 and 20 µm-thick silicon on insulator (SOI) wafers, and fabrication 
methodology involving photoresist (PR) anchors, reactive ion etching (RIE), and deep RIE 
(DRIE) consistent with established methods [2]. Table 1 displays ink type characteristics. The 
house was “sliced” into inks, and a simulation confirmed fabrication feasibility, Figures 5–8. 
Ink arrays were generated in Creo Parametric, and engineering drawings were exported for 
optical mask modeling, Figures 9–10. Drawings were imported to AutoCAD software, and ink 
arrays were modified to reflect characteristics of a template provided by Hohyun Keum, Figures 
11–13. AutoCAD data was sent to a foundry that made a custom mask, Figure 14. 
A 20 µm-thick SOI wafer was split into a 1” by 1.25” rectangular section for generation of a 
20 µm-thick ink array, Figure 15. The substrate was processed in accordance with established 
methods involving PR spincoating, optical mask alignment, hardbaking, hydrofluoric acid (HF) 
etching, and DRIE, Figures 16–18 [2]. Ink defects prompted multiple attempts, Figures 19–20. A 
10 µm-thick wafer section was similarly processed with RIE, providing drafted roof features. 
After usable ink arrays were fabricated, a single side-polished (SSP) silicon wafer was split into 
a 1 cm by 1 cm receiver substrate, Figures 21–24. An ink was transfer printed onto the substrate, 
which was then placed in a “boat” to prevent contamination during annealing, Figures 25–27. 
Annealing took place in a 1000 ºC rapid thermal annealing (RTA) furnace for 10 min, Figure 28. 
The annealed ink delaminated from the SSP substrate during attempts to print a second ink. The 
delaminated ink was printed via a PDMS stamp with a 5:1 mixing ratio, so graduate student 
Zining Yang provided a less-adhesive 2:1 ratio stamp for later trials, Figure 29. Two identical 
inks were successfully printed and annealed, comprising the first two layers of the micro-house, 
Figures 30–31. Multiple fields of focus allowed for alignment investigation, Figures 32–33. 
Conclusions and recommendations 
During the second stage of this project, Spring 2016, the micro-house will be completed through 
additional transfer printing and annealing. Ink alignment will be crucial, and delamination may 
provide several setbacks. The remaining fabrication is straightforward, however, and if the house 
can be completed early, then a “glider” device might also be fabricated, Figures 34–35. 
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Appendix 
Table 
Table 1: Ink Type Characteristics. 
Ink Type Number of Inks Thickness (µm) Nominal width (µm) Etching method 
Base 10 20 300 DRIE 
Roof 10 10 Variable RIE 
Chimney 4 20 60 DRIE 
 
Figures 
 
Figure 1: Initial Micro-House Design. Colored to Enhance Details. 
 
Figure 2: Second Micro-House Design, Incorporating Roof with Sliced Layers. 
100 µm 
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Figure 3: Final Micro-House Design. 
 
Figure 4: Final Micro-House Design Front View. 
 
Figure 5: Base Ink. 
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Figure 6: Roof Ink with Chimney Placement Corner. 
 
Figure 7: Stacking Simulation After Placement of 6 Inks. 
 
Figure 8: Stacking Simulation after Placement of 20 Inks. 
 
Figure 9: Array of 20 µm-Thick Inks. 
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Figure 10: Creo Parametric Engineering Drawing of 10 µm-Thick Ink Arrays. 
 
Figure 11: Ink Template Array Provided By Hohyun Keum. 
 
Figure 12: Shaded In-Filled Rectangles Surrounding Ink from Template. 
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Figure 13: Micro-House 20 µm-Thick Ink Array with Shaded In-Filled Rectangular Features. 
 
Figure 14: Optical Mask Created by University of Illinois at Urbana–Champaign Foundry. 
 
Figure 15: Preparation of 20 µm-Thick Ink Array SOI Substrate. 
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Figure 16: Photoresist Spincoater. 
 
Figure 17: Optical Mask Aligner. 
 
Figure 18: Hardbaking of 20 µm-Thick Ink Array Substrate. 
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Figure 19: Twenty µm-Thick Ink Substrate with Delaminated Inks after HF Etching. 
 
Figure 20: Defective 20 µm-Thick Ink Array Batch. Captured on Optical Microscope. 
 
Figure 21: Usable 20 µm-Thick Base Ink.  
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Figure 22: Usable 10 µm-Thick Ink Array. 
 
Figure 23: Roof Ink Chimney Placement Corner Close-Up View. 
 
Figure 24: Sectioning of SSP Silicon Wafer Receiver Substrate. 
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Figure 25: Transfer Printing Environment. 
 
Figure 26: Placement of SSP Substrate in Annealing Boat. 
 
Figure 27: Covered Annealing Boat. 
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Figure 28: Annealing Boat and Receiver Substrate in RTA Furnace. 
 
Figure 29: Stamp Assortment Provided by Zining Yang. 
 
Figure 30: First Transfer Printed Ink. 
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Figure 31: Second Transfer Printed Ink. 
 
Figure 32: Alternate Depth of Focus at Ink Corner. 
 
Figure 33: Second Alternate Depth of Focus at Ink Bottom. 
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Figure 34: Informal Glider Concept Ideation. 
 
Figure 35: Proposed Glider Cross-Section. 
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